Objective-The purpose of this study was to assess the efficacy of Borg's rating of perceived exertion (RPE) scale to predict maximal exercise levels to control exercise intensity in patients taking atenolol for the treatment of essential hypertension. Normally, a standard formula (220 -age) is used for calculating a percentage of exercise intensity, but P blockade can cause reductions in maximal heart rate of between 20 and 30%. Methods-Patients were split into a control group-10 men and 10 women, aged 50 (SD 12) and 46 (9) respectively, who had risk factors for cardiovascular disease but were not taking any drugs, and a treatment group-11 men and 11 women, aged 53 (13) and 55 (13) respectively, who were established on 25-100 mg of atenolol. All patients performed two submaximal tests on a cycle ergometer. Test 1 was an estimation test, during which the RPE was reported for each increment in work rate. Test 2 was an RPE production test, during which the patient regulated the work rate according to his/her perception of effort at four predetermined points on the RPE scale (RPE 9, 13, 15, 17) . Results-In both tests the individual correlations (r) between RPE, heart rate, and work rate ranged from 0.96 to 0.99. Analysis of variance showed no significant difference in maximal heart rate and maximal power output for the control group when predicted from the regression lines of RPE versus heart rate and RPE versus power output in the estimation test.
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However, the prediction of maximal power output was lower in the women in the control group and patients in the treatment group when this was predicted from the effort production protocol (P<0.01). When exercise intensity at each RPE was expressed relative to maximal power output there were no differences between treatment and control groups.
Conclusion-The findings from this study confirmed the strong positive relation between RPE, heart rate, and work rate in these patients in both passive effort estimation and active effort production protocols. However, caution in applying these procedures is required because the prediction of maximal exercise levels may be lower when effort production procedures are used.
(BrJ7 Sports Med 1997;31:1 Keywords: exertion; 13 blockers; exercise intensity; atenolol 13 Blocking drugs have become one of the most commonly prescribed drug treatments for cardiovascular disease since their introduction in the early 1960s. The immediate and most obvious effect of P blocker treatment is a reduction in heart rate due to competitive blocking of 1 adrenoreceptors. Hence, during submaximal exercise, patients receiving 13 blocker treatment experience moderate to large reductions in heart rate of between 20 and 30%.'-`A combination of 1 blocker treatment and dynamic physical exercise is considered beneficial for many patients with cardiovascular disease. Ideally, appropriate exercise intensity prescription for patients receiving 1 blockade treatment requires a known maximal heart rate, but this is difficult to determine from submaximal exercise tests owing to the moderate to large reductions in heart rate. Although 1 blocker treatment decreases maximal heart rate, it does not alter the relation between the percentage of maximal heart rate and the percentage of maximal oxygen uptake.' 6 The Borg 15 point rating of perceived exertion (RPE) scale7 is often applied during graded exercise testing to obtain a subjective estimation of exercise intensity, and as an accurate predictor of functional capacity in healthy adults.8-" The rationale supporting its use is its strong relation with heart rate, oxygen uptake, minute ventilation, and other physiological variables within a wide range of healthy and clinical populations. 6 12-14 Many studies have explored the relation between effort perception and exercise intensity in patients with cardiovascular disease'5-24 and healthy subjects whose cardiovascular response has been mediated by 13 blockers. [25] [26] [27] Studies have confirmed that the RPE scale can be used to elicit undifferentiated estimates of effort perception in patients with hypertension, intermittent claudication, and post-myocardial infarction, although few studies have explored the use of RPE as the controlling variable of exercise intensity in these patients and few have used it to predict maximal functional capacity in these patients. 6 There are no studies available whereby RPE has been used to It is known that the relation between RPE and heart rate is altered with f3 blocking agents.25 This makes heart rate an unreliable predictor of perceived exercise intensity for the purpose of prescriptive training. Additionally, the relation between oxygen uptake (Vo,) and heart rate (HR) changes after 1 blockade, though the relation between %Vo2 max and %HR max is minimally altered.5
If the more stable relation between %Vo2 max and RPE, independent of P blockade, exists, then the absolute RPE may be used as a predictor of relative exercise intensity in this patient group.
The purpose of this investigation was to assess the efficacy of RPE to predict the maximal work rate and to prescribe exercise intensity in patients taking atenolol for essential hypertension. A unique aspect of this study was the use of the RPE as the independent variable to elicit exercise intensities according to predetermined RPE levels.
Methods

SUBJECTS
All subjects taking part in the study were patients at the Garden Lane Medical Centre (GLMC), Chester, United Kingdom, who had agreed to participate in a "Healthy Heart" programme, developed as a result of recommendations from the Department of Health.3' The Shaper risk assessment model"2 was used as a tool to identify a control group of patients (10 men and 10 women) at risk of developing coronary heart disease. Criteria were that these patients scored 1000 or more on the Shaper risk assessment profile but were not receiving atenolol. The treatment group (11 men and 11 women) were taking atenolol (25-100 mg) once daily for essential hypertension. Criteria for selection of patients in this group were: under 70 years of age and where exercise prescription was medically recommended for patients stabilised on atenolol for a minimum of three months. The following exclusions applied: patients taking a combination of atenolol and another heart specific drug; patients receiving thiazide diuretics, patients with postmyocardial infarction or past cardiac operation, and patients whose physical condition would not allow completion of testing-for example, a musculoskeletal degenerative condition. Table 1 shows descriptive statistics of the subjects. None of the subjects was a regular exerciser before joining the "Healthy Heart" programme.
PROCEDURES
Pretest measurements Body mass index (BMI) was calculated using the Quetelet index (mass (kg)/height (m2)). Resting heart rate was recorded after patients had been sitting quietly for five minutes, with a Sport Tester PE 3000 heart rate monitor (Polar, Finland). After resting heart rate was recorded, blood pressure was measured by an Omron soft cuff autoinflation/deflation monitor with pressure/pulse averaging function. All measurements were taken on the left arm. All patients were informed of the risks and benefits associated with testing and gave written consent to take part in accordance with the Garden Lane Medical Centre policy.
Exercise test procedure Familiarisation with the experimental protocol began with an explanation of the test procedure followed by a short practice at pedalling at 60 rpm at varied work rates, and practice at using the RPE scale within the range RPE 9 and RPE 17. Tests were conducted in two stages, with a minimum of two days between each test. The tests were timed to occur at midday to maintain a standard and convenient time for patient attendance. This had particular relevance to patients in the treatment group, as this was an 190 To determine differences in the prediction of maximal heart rate and work rate in the control group a 2 x 3 analysis of variance (gender x protocol), with repeated measures on protocol, was conducted. A separate analysis of variance (ANOVA) was conducted to determine differences in maximal work rate and heart rate between the control group and the treatment group using both exercise test protocols. Thus a 2 x 2 x 2 ANOVA, (protocol x group x gender) was used to determine differences. The YMCA data were not included in this analysis owing to the obvious problems of predicting maximal heart rate by this procedure in patients taking 13 blockers. A further separate three factor ANOVA (group x gender x RPE) was applied to determine differences in the relative exercise intensity elicited at RPEs of 9, 13, 15, and 17 from the effort production test.
Results
COMPARISON OF CONTROL GROUP VALUES
Predicted maximal heart rate There were no main effects for gender (F,18 = 0.43) or protocol (F2,,6 = 0.30) on predicted maximal heart rate. However, there was a significant interaction of gender by protocol (F2,36 = 4.25, P<0.05). Scheffe post hoc tests showed that the prediction of maximal heart rate from the effort production test was lower in the women's group (fig 1) .
Predicted maximal work rate There was a significant main effect for gender on maximal work rate, which indicated that men had a higher predicted maximal work rate in all three protocols (F,18 = 10.57, P<0.01). (fig 1) .
Comparison of the relative exercise intensity at each submaximal RPE (9, 13, 15, 17) in the effort production protocol The work rate at each RPE was expressed as a proportion of the predicted maximal work rate (%Wmax). As expected there was a main effect for RPE on exercise intensity (F3,1,4 = 910.1, P<0.01). Scheff& post hoc tests showed that exercise intensity increased with each subsequent RPE production level. There was no significant interaction of group by RPE (F3,114 = 2.57). Thus, although the absolute work rates were higher in the control group of men and women when these were expressed relative to the maximum work rate, there was no difference between the groups. There was, however, a significant interaction of gender by RPE (F3,114 = 4.08, P<0.01). Scheff& post hoc tests showed that the exercise intensities elicited at RPE production levels of 9 and 13 were higher for women in the treatment group than for women in the control group and men in the treatment group (fig 3) .
Discussion
The results from this study provide some evidence that RPE may be used to predict maximal functional capacity in patients receiving atenolol for the treatment of essential hypertension. In the control group of men and women the prediction of maximal work rate at the age predicted maximal heart rate from the RPE 17 YMCA submaximal test was similar to that predicted by the RPE, when the RPE was used rtion of the as the dependent variable (effort estimation).
,and 17, However, when the RPE was used as the controlling factor in the effort production protocol-that is, as the independent variable, col (F2,36 = the prediction of maximal heart rate and maxisignificant mal work rate were lower in the women's con-F2,36= 4.34, trol group.
red that the It would appear from the limited data availm the effort able in this study that some degree of caution is e women s required when predicting maximal functional capacity from an effort production protocol, particularly in women who have risk factors for 'MENT congenital heart disease. It seems that when the women were requested to select an exercise intensity to treatment correspond with a given RPE, they became render pro-more conservative and tended to overestimate n having a the exercise intensity that they selected. Thus rate than the RPE was high relative to the exercise intensignificant sity. The effect of this would be to decrease the 8, P<0.01) prediction of maximal functional capacity at t group had RPE 20. Perhaps this might be due to a lack of Lte than the exercise experience in this group. This group of significant women were sedentary-that is, not used to :0.01). The exercising regularly in activities of daily living, n the RPE and were not participating in extra exercise. than that Separate analyses were performed to comrotocol (fig pare differences between the predicted maximal values from the RPE estimation test and RPE production tests in the treatment and control groups. As expected, the predicted maximal heart rate and the predicted maximal work rate were lower in the treatment group when the RPE was used to predict these values (figs 1 and 2). An interesting observation was the significantly lower maximal work rate predicted by the production protocol in the treatment group and in the women's control group. Although the magnitude of this difference was small (5-10%), it again indicates that attempts to measure exercise intensity with the RPE should consider the way in which the RPE is used in the baseline test. When the j blocker group and the women in this study were asked to exercise at a specific RPE they underestimated the level of exercise resistance required or, conversely, they overestimated the RPE for a given work rate. In any case, like the women in the control group, the patients in the treatment group became more conservative when the RPE was used as the independent variable to control the exercise level. This caused a significant decrease in the prediction of maximal work rate when it was extrapolated from the RPE versus work rate regression line. A degree of caution is therefore recommended when transferring RPE from "estimation" tasks (that is, RPE recorded during a graded exercise test) to using RPE to self regulate exercise intensity in "production" tasks. The distinction between the process of estimation and production tasks with the RPE scale was first alluded to by Noble,'5 who noted that equivalent exercise levels may not be repeated at the same RPE owing to the difference in the process.
Eston and Williams used a similar RPE production and estimation test to ours, though oxygen uptake was measured by open circuit spirometry.'0 Subjects performed steady state exercise at RPE production levels of 9, 13, and 17 on three separate occasions after performing an estimation test. The accuracy of effort production improved on the second and third trial for all RPEs, particularly as the exercise intensity increased. Unfortunately, in our study it was not possible to repeat the effort production trials, which is an important consideration in learning how to use the RPE.
Ekblom and Goldbarg observed that submaximal oxygen uptake and heart rate were lower for a given RPE for cycle ergometry than for treadmill work. 25 during cycling than during walking, jogging, or treadmill exercise.' In this study an RPE rating of 13 produced a relative exercise intensity range of 39-48% of maximal, which is somewhat lower than that reported in previous studies using cycling and effort production procedures with normal, healthy subjects.'0 '7 Shephard et alf4 recently noted a mean value of 50% Vo, max at RPE 13 in a group of sedentary men of similar age to those in this study, though it should be noted that their protocol was based on passive effort estimation procedures. As previously indicated, we suspect that subjects in this study adopted a conservative approach when using the effort production procedure.
Evidence suggests that the RPE is mediated by the pedalling rate on a cycle ergometer as higher RPEs are reported at slower pedalling rates.38 In our study the pedalling rate was maintained at a comfortable pace (60 rpm) and so did not cause the relatively low exercise intensity at each RPE. Cycle ergometry was used in this study, and it is pertinent to note that there is a greater test-retest reliability of RPE during cycle ergometry than during treadmill running. This is attributed to the greater localisation of muscle fatigue during cycle ergometry, allowing more accurate assessment of the intensity of the perceptual signals. In addition, the attentional focus is not interrupted by attention to balance and stability, as it is with treadmill exercise. 36 Similar relative exercise intensities were produced at each RPE, though the women in the [3 blocker group tended to underestimate the intensity of exercise at the lowest RPE. This may be attributable to limited exercise experience or a problem in adjusting to the procedure in the initial phase. It has already been noted that RPE is less accurate at the lowest intensities, particularly when practice is limited.'0 39
The effect of [ blockade on RPE depends on the type of [ blocker used. Non-selective 3 blockers (for example, propranolol) are associated with greater muscle fatigue, increased peripheral resistance, and greater reductions in maximal oxygen uptake.4"' Owing to the cardioselective action of atenolol, it is likely that there was less local muscle fatigue, which is an important consideration when using RPE as a means of regulating exercise intensity in these patients.
In conclusion, our findings provide some support for the use of the RPE to predict maximal work rate in patients receiving [ blocker treatment, particularly when it is used in an estimation mode. It seems that predictions of exercise intensity and maximal functional capacity using the RPE must consider the process by which it is used, owing to the essential differences in the process of estimation and production. One is a passive (effort estimation) response, whereas the other is an active (effort production) response using the RPE. The reasons for the differences remain uncertain, and are worthy of further investigation. Nevertheless, the findings from this preliminary investigation lend support for the use of RPE in some cardiac rehabilitation settings and indicate potential areas of exploration. 
